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Experimental factors
Lattice constants of all compounds were conducted from first-principles calculation, and mixing enthalpy in liquid phase was plotted through the PanPhaseDiagram module of PANDAT software.
Experimental features
The mixing enthalpy in liquid phase was carried out in two steps: the Gibbs free energy of liquid phase was calculated firstly, then, the mixing enthalpy in liquid phase can be calculated on the basis of the thermochemistry value. 
Value of the data
The data list all the thermodynamic parameters used and optimized model parameters of the thermodynamic database of the NaF-KF-RbF-ZnF 2 quaternary system, which is useful for investigators to calculate the relevant phase diagrams.
The data show the comparison of calculated with experimental lattice constants of all compounds and relative deviations of unit cell parameters between before and after structure optimization for the NaF-KF-RbF-ZnF 2 system. These values are useful to understand the lattice constants of all compounds in this system.
The data present the calculated mixing enthalpy in the binary AF-ZnF 2 (A¼Na, K and Rb) and AFRbF (A¼ Na and K) system, which are helpful for researchers to better understand the system. Tables 1 and 2 list all the thermodynamic parameters used and optimized model parameters of the thermodynamic database of the NaF-KF-RbF-ZnF 2 quaternary system. Tables 3 and 4 present the comparison of calculated with experimental lattice constants of all compounds and relative deviations of unit cell parameters between before and after structure optimization for the NaF-KF-RbF-ZnF 2 system (experimental data in Parentheses). As observed in Table 4 , the maximal relative deviations of unit cell lattice constants before and after the lattice relaxation are less than 4.7%, and the largest deviation of the largest volumes are less than 14.6%. The calculated parameters are reasonable and acceptable, considering allowable experimental errors introduced in this paper and the enthalpy of formation independent of temperature. Table 5 shows the relative deviation of calculated invariant points for the ternaries from the NaF-KF-RbF-ZnF 2 quaternary system. It can be seen that the average relative deviation is 17.38%, which is acceptable concerning the errors.
Data
Figs. 1 and 2 demonstrate the calculated mixing enthalpy in the binary AF-ZnF 2 (A ¼Na, K and Rb) and AF-RbF (A ¼Na and K) system, respectively, which are the classical U-shape. What's more, the maximum of mixing enthalpy in liquid phase is decreased with the increase of the atomic radius (atomic number). As observed from Figs. 1 and 2 maximum H mixing À enthalpy NaF À ZnF 2 Table 1 Thermodynamic parameters for the NaF-KF-RbF-ZnF 2 system. 
Experimental design, materials, and methods
The data from Table 1 was cited from Factsage 6.4 database bought by ourselves. As observed in Table 2 , the optimized model parameters for the NaF-KF-RbF-ZnF 2 system are the final optimized result, by which a complete phase diagram of NaF-KF-RbF-ZnF 2 subsystem can be plotted. Additionally, relevant thermochemistry result for NaF-KF-RbF-ZnF 2 subsystem can also be obtained. Likewise, Figs. 1 and 2 are calculated and plotted using PanPhaseDiagram module of PANDAT software through the optimized model parameters present in Table 2 . Table 5 Relative deviation ( ) of calculated invariant points for the ternaries from the NaF-KF-RbF-ZnF 2 quaternary system (* and ※ refer to the value from phase diagram calculation and predicted value using the method in this work, respectively). What' more, the data of Table 3 are calculated through the first-principle calculation based on density function theory (DFT). First-principle calculation was applied to optimize the unit cell parameters of RbF, ZnF 2 , NaZnF 3 , RbZnF 3 , KZnF 3 and K 2 ZnF 4 , and the optimized value and experimental lattice constants for all compounds (RbF, ZnF 2 , NaZnF 3 , RbZnF 3 , KZnF 3 and K2ZnF 4 ) are listed in Table 3 . More details about the corresponding calculated method can be referred [1] . Accordingly, the relative deviation of unit cell parameters between before and after structure optimization for the NaF-KF-RbF-ZnF 2 quaternary system is analyzed by ourselves through the function of M af ter À optimization À M bef ore À optimization M bef ore À optimization (M af ter À optimization and M bef ore À optimization stand for the unit cell parameters before and after optimization, respectively).
In addition, the comparison of calculated invariant points of the ternary system NaF-KF-ZnF 2 , NaFRbF-ZnF 2 and KF-RbF-ZnF 2 from phase diagram calculation cited the developed database [1] and predicted value using the method [2] are listed in Table 5 . Meanwhile, the compared data were analyzed through by ourselves (* and ※ refer to the value from phase diagram calculation and predicted value, respectively).
